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@ Data signal processing apparatus. 

<S) Apparatus for processing an input data signal includes a 
generator (64) providing a plurality of pseudo-random signals 
each of which scrambles the input data signal in one of a 
plurality of mod. 2-adders (62a to 62d) to provide a plurality of 
respective scrambled outputs, a detector (65) in which a DC 
component such as a run-length or a digital sum value. Is 
detected for each of the scrambled outputs, and a selector (67) 
responsive to the detector (65) for selecting the one of the 
scrambled outputs, for example having a minimum run-length 
or a digital sum value closest to zero. An identifying signal 
Identifying the pseudo-random signal used in scrambling the 
selected scrambled output is then transmitted with the latter, 
for example, by recording on a magnetic tape. When the 
transmitted signal is received or reproduced, the identifying 
signal included therein is detected, and the received signal is 
descrambled with a pseudo-random signal corresponding to 
the detected identifying signal. 
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Descripti n 

DATA G'GNAI f*tpCESS!NG APPARATUS " 

This invention retakes tc apparatus ?Gr proet osir^ !nput data signals, which apparatus may involve selective 
scrambling in a channel coding circuit, fcr oxampie in a digital video tape recorder. 
5 A digital video tape recorder P.TT*} of a i\r?~ to Ttfttch .the present invention may be applied will be described 
with reference to Figure 1 of the accompanying "ftewSnps, in which a video signal, for example according to the 
. NTSC system, Is supplied tq.an input inrmin^f 1. The NTSC video signal applied to .the input terminal 1 is then 
supplied to an analog-to-digital (A/D) converting circuit 2 in which it is converted to a digital data signal. The 
digital data signal is supplied to a bit reduotjon circuit 3 ?n which it is reduced in bit number and is then fed to an 
10 error correction code (ECC) encoder 4, The ECO enooder.4 adds a parity code for error correction and the like 
to the data signal. Ths data signa' y/ith r.jri^coc!° i3 ^rfed thereto !s supplied to a channel coder 5, in which it is 
converted to *\ data series whose chiiractatfstic, r ^ Xo the characteristic of a tape head system of the 
digital VTR. The data series is sup; :!e. J to. ewy ... circuit 6. in which it is added to a predetermined 
. synchronising (SYNC) code from a aynchri. iisi^^ generating circuit 7 to provide a recording data signal. 
15 The recording data signal which includes the sy.. .(sing code is supplied from the adding circuit 8 through 
a recording amplifier 8 to a recording head S „ thereby recorded on a magnetic tape 10. 

Upon playback, a signal reproduced from thi magnetic, tape" 10 by a reproducing head 11 is supplied 
through a playback amplifier 12 to an equaliser 13, V: : : which the signal is waveform-shaped in a predetermined 
manner. The waveform-shaped signal -is. supplied .to. a. data reproducing circuit I4r which reproduces a data 
20 series therefrom. The reproduced data series is supplied to a channel decoder 1 5 which operates in a manner 
which is the reverse of the operation of the channel coder 5 provided on the recording side. A synchronising 
code detecting circuit 28 detects the synchronising code and supplies it to the channel decoder 15. The 
decoded signal from the channel decoder 15 is supplied io an error correction code (ECCKdecoder^e; In 
which it is error-corrected by the above-mentioned parity, code. The error-corrected signal is reduced in bit 
25 number by a bit reduction circuit 17 and is then convert ?d from digital to analog form by a digital-to-anaiog 
(C/A) converting circuit 18. Finally, the reproduce analog video signal is provided at an output terminal 19. 

in the use of the digital VTR of Figure 1 fcr recording on a prewously-recorded tape or other magnetic 
recording medium, a video signal is generally rewrit! ."jr. by a so-called overwrite system. In such overwriting, if 
an already recorded signal contains a low frequency component, there Is then the risk that a satisfactory 
30 erasing characteristic will not be achieved in the next overwrite because, the low frequency component is 
recorded in a relatively deep layer of the taps. Further, there Is a substantial possibility that a low frequency 
component In the signal recorded in adjacent tracks will result in a cross-talk component upon playback. 

Furthermore, when a rotary transformer is provided for transmitting signals to and from the head or heads of 
the digital VTR, the low frequency band that can belransmitted by the rotary transformer is limited so that a 
35 low frequency component in the recorded signal causes distortion in the waveform of the reproduced signal. 
Therefore, the known digital VTR shown in Figure 1 Includes the channel coder 5. and the channel decoder 
15 in order to reduce the low frequency component. Figures 2A and 2B of the accompanying drawings 
illustrate known circuit arrangements that can be used for the channel coder 5 and the channel decoder 15, 
respectively, and which utilise an M series signal as a : pseudo-random signal. 
40 In the channel coder 5 shown in Figure 2A, the signal from the ECC encoder 4 (Figure 1) is supplied through 
an input terminal 21 to a modulo (mod.)2-adder 22 which may be constituted by an exclusive-OR gate. A reset 
signal associated with a predetermined synchronising block, and which is applied to a reset terminal 23, is 
supplied therefrom to an M series generator 24. The M series.signal from the M series generator 24 is also 
supplied to the mod. 2-adder 22 which scrambles the M series signal to effect the channel coding. The reset 
45 signal applied to the terminal 23 is also supplied to the synchronising code generating circuit 7 which provides 
the synchronising code. The synchronising code is supplied to the adding circuit 6 in which it is added to the 
data series from the mod. 2-adder 22, and the resulting added output is applied from an output terminal 25 to 
the recording amplifier 3 shown in Figure 1 . 

In the channel decoder 15 shown in Figure 2B t the data signal from the data reproducing circuit 14 (Figure 1) 
50 is suppOed through an input terminal 26 to a mod, 2-adder 27 which may also be constituted by an 
exclusive-OR gate. The signal from the input terminal 26 is also supplied to the synchronising code detecting 
circuit 28 which detects the synchronising code. The detected signal is supplied from the detecting circuit 28 
to an M series generator 29 which provides an M series signal to the mod. 2-adder 27 for effecting channel 
decoding, that Is, decoding of the signal scrambled by the M series signal in the channel coder 5. The resulting 
55 decoded signal is supplied through an output terminal 30 to the ECC decoder 16 (Figure 1). 

The low frequency component in the signal to be recorded is reduced by adding the M series signal to the 
pseudo-random signal in the mod. 2-adder 22 in Figure 2A, whereby a recording data signal having a reduced 
low frequency component is generated. Upon playback, the?. M series signal is added in the mod. 2-adder 27 to 
the same pseudo-random signal as in the recording mode resulting In the original data signal being decoded. 
60 If the M series signal is added to the pseudo-random signal in a m d. 2-adder to effect the channel coding 
and the channel decoding as described above, In the absence of any other data signal processing, when a 
certain relationship is stabiished between the pattern of the recording signal and that of the M s ries signal, 
there is the possibility that such a r lationship will give ris to the ccurr nee of a low frequency component. 
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The occurrence of such a tow frequency component is inevitable from a probability standpoint, and this causes 
deterioration of the overwrite characteristic, the cross-talk characteristic, the waveform characters and the 

,ik Further?^ a^taiSSgnetic recording and reproducing apparatus; such as the above-described digital 
VTR "the digital data series (represented In the binary form o? M? or nr) Is directly recorded, the following 5 

pr0ble TTKe maximum frequency of a recorded slgrrai lifTnc^as^f to such an extent that the recorded signal 
cannot be read ' >-.c|iP&X3 ^oi l r ,, jC :, : : .: r . "- ~ 

Tared current and low frequency componerrtS'ffGquwtly^ 

a digital signal is recorded and reproduced by a'T^sysWutOisinga rotary transformer, distortion 10 
occurs in the reproduced signal. As a result; it f^eWy^cura4hat;the reproduced information deviates 
'ccflsWerablyfrwn the recorded infortnatiori: *' • ;'° k^??** • - -. - - 

3 When digital data is recorded, a data : series^ ^r^W retooled according to the so-called 
selfKJlock system together wijh a ^^clbck^omppn^ntf f miriy^igttal>t-"s or 'OVappear in succession or 
contiguously, the error rai^^ . 15 

In order to solve the a^^MeOOanS&pn^ and 
reproducing apparatus so that, upbri recording; aft|{| pftflpfcft sigrfel KPfioiwerted to a recording signalhaMng a 

Dredetem^^ 

^SJrec^^Jnum by a recording heacf. ^P^ayback. a signal reproduced^ the magneto 
receding medium by a playback head is supplied S&bafitfls reproduced byr a decode* whose inverting SO 
cScteristicis opposite to that of the 'channel [cdaW^ufi- -Three channel coding systems are. known that 
ar^acKe^ 

dSKcordihg. these ihree&^'^n^^S^W^ned belowwrth reference to Figures 3A to 

3D of the. accompanying drawing's.. ; .^V d ' ^^'7-'^- • .. . 25 

K ^^A^Si^^^^^^^^ ""Put signal shown in Figure 3A in the 
fo^ofab^^^ 

STencoder to convert the Inpuf sigriai to ^f^rairtf signal just before the transm.ssion line, and this 
elodTrmaybe^ 

the codinq that is conversion, opposite to the conversjon of a PR (1.-1) transmission Hne.based on the partial 
response%stem ^ 

comorises a mod. 2-adder 31 arid a one-bit deSaV'-citcuit 32. ■ " \ ' ' „ t 

XTSzS SsTem his the disadvantage ! that. When the signal is riot inverted; a direct current component 
fre?uentlTa P pearsTn the recording signlV Recently; ^ .^tem has been.used in 

order to- overcome that disadvantage of the Njtt^^jwtecn. ^ v'/. * '• /',' 

a Al2r^to^S^3^!rai t^siriaj shown » Fiaure3B is converted to an .-NRZ-. recording 
signS shoWn in Figure 3D by means of an l-Nffci system precoder which performs ^ conversion reverse to 

precoder is called a PR (1. 0. -1). encoder or a^jSartical response classW ^^^J g ^ 
accompanying drawings shows an example.of a PR (1 . 0. -1) encoder which comprises a-mod. 2-adder 31 and 

frequency characteristics similar to ihpse of the -magnetic recording and" reproducing system so that tt 
' contains fewer high frequency components and does'riot contain a direct current component, <« ? dd * on ; the 
WentTfyirig signal can be affected by the cross-talk cbmponent caused by the' .ncreased wavelength of the 
recording signal and cannot be affected I by the rotary' transformer. 

^S^^SSS^SS^ according to 'me ^simdoes not cjjn a oject 
. current component/the' recording signal (see Figure 3D> does contain a direct current ^Tme s5-SrZ° 
reduce the direct current component of the recording signal accord.ng to the l-NRZ-l system IheS+NKl 
system has been proposed. In accordance with the S-I-NRZ-I system, the M senes signa ^(represented .n_ the 
form of abinary random numbe^^ 

by the M series signal, so as to make possible reduction of the direct current- component.. . 

RefeilgnowtoRgureSof^^^ 
VTR utilising the S+NRZ-I system channel codlng'clrcult. a video signal is applied to an ^^^^J^ 
th n supplied through a scrambl ' circuit 44 to a PR (1 : 0. -1) ncoder or precoder 45:.The scr 5" b, ° c '™£~ 
and the PR (1. 0. -1) encoder 45 constitute a channel coding circuit. A recording head 46A wrth aoasrcMed 
rotary transformer, a magnetic tape 46? and a reproducing head 46C with an associated transformer 
constitute a PR (1.-1 j transmission line "47^ A PR (i, 1) decoder 48 is arranged toequal.se Input data [00100 .] 
toprovide data[001100 U "The PR fl.-f) transmission;lirie 47 and the PR (1.1) d f c ° a f r ^ to 9^ A C °"Slt a 
a PR (1. 0..-.1) transmission Bne:49?A : 'sVhWn^g--'bul8e detecting circuit 50,1s operable to detect a 
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synchronising pulse SYP in the output or a discriminator 43A which is operative* inteyosed beWeer > the i PR 

JT< ) decoder 48 and the synchronising pu.se delecting circuit 50. The digital VTR of Figure 5 further has a 

riescamble circuit 51 and an output termina* 52. : 
5^en a receding signal 100100 ..) is id x,< « ie PR (1. 0. -1] encoder 45 to the rsqorriing head 1 46A 
5 the record ng ^ioaS is concerted, in the PR 0,-5 ri- .mission line 47 (Including the record^ head 46A. the 

teoe^B andthe" reproducing head 46C» to a re k signal [001-100 - J. This reP^ uc t d J! 9na, A I00 J; 10 ° 

fls supped to the PR (1- 1) decoder 48 ana uurhw.i^ .c an identifying signal [0010-100 ] The output from 

th-PR (11) decoder 48 is supplied to the discnminatdr^. Ir. which it is processed so that Ml is changed to 

T+ 1] The resulting identifying signai is identical with the scramble signal [OT10100 ] that is used when the PR 
10 0 0-1) encoder 45 generates the recording signai [00100 .. ]. Therefore, It is to be «n^ tW 

conversion which is the reverse of thai effected fcy^ha ; PR (1 . 0. -1) encoder 45 is earned out in the PR<1. 0, -1 ) 

^heniceSn M series Dseudoirandbm^W U-added to' the Input signal in a mod. 2-adder in .the 
scramble circuit 44, the same P seudo-randoi,V aignaf «,o is added in * mod. 2-adder ,r davxmbto circurt 
,5 51 to the identifying signai resulting when i,* o*4» PR 0. D deader 48 recess ed Irr the 

discriminator 48A such that 1-1) is changed to ]+ i], in such «^**^^*"^^ 
number results in [000 ...] so that the pseudo-random signal Mo is removed tc. provide the same data at the 

^e^'Sh^ 

20 the direct current component or the low if equer.cy ^.pbnent ofths wording signal den ved froni . the ! PR 0. 
0. -1) encoder 45 cannot be reduced by the ...ociulo r. aildlr.fi dt a.a pseudo -random signal Mo to the input 

^/Sording to the present invention the.e Is'pro^J ^P-vatu* for processing an input data signal, the 
apparatus comprising: ■ i ' 

selector means for selecting one of said outputs of said scramble means under the coptrol of said detector 

30 meaSor adding to said one output selected by said selectormeans an identifying signal which identifies the 
Pseudo-random signal used in scrambling said one selected output of the scramble means; and I 
m^foT^mlMng a signal comprising said one output- selected by said selector means together wrth said 

'TpTeferrSfmbodiment of the present invention described hereinafter provides an l"^***^ 
scramble circuit which can avoid the foregoing problems encountered with the P^SSS^SEES 
The preferred selective scramble circuit can carry' out tne channel cod.ng satisfy ctonlyj =an efflq«*V 
suppress Increasing of data redundancy, can reduce a urect current component in a rec, ^ 
regardless of variations in the input signal pattern, sr.o can prevent converse error 
resulting recording signal. The preferred selective scramble circuit is suitable for application to a channel 

t?i3S£?^escnbed by way of sample with reference to the accompanying drawings, 
throughout which like parts are referred toby like references, s^d sn which: 

Figure lis a block diagram showing ari arrangement eff a Kfiow.n digital vtr; „j„„coHinthe 
Figure 2A is a schematic block diagram showing an example of a known channel coder used .n the 

di Rgu^B?aThlmatta block diagram shewing an example of a known channel decoder used In the 
^HguSto^are schematic diagrams to wlnich reference is made in explaining channels 

50 '"figured 

Rgure 4B Is a schematic block diagram showing a knewn partial response class i IV (1 , 0 -1 ) encooer. 
Figure 5 is a schematic block diagram of a main portion of a previously-proposed *9™ YJJ' sent 
Rgure 6 is a block diagram showing an M scramble circuit according to an embodiment of the present 

55 '"Rgllre 7 is a diagrammatic view showing a data format to which. reference will be made in explaining 

operation of the present invention; . , invention- 

Figure 8 is a blocK diagram of a channel decoder according to an embodiment of th P^JJ^SSi" ' 
Rgur 9isablockdIagVamofadigitaJVTRacco^^ 
60 Rgures 10A and 10B form a block diagram showing fa' selective scramble circuit which maybe included 

* ™££S£L of a selective drctanO* circuit Which may be included in the digital VTR 

Sh Sre 12 is^diagram showing a data format of the digital data signal used in accordance with an 
65 embodiment of the present invention, and which shows the arrangement of one synchronising block. 
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Figure 13 is a diagram showing a data arrangement of an M series identifying code that is used in 
accordance with an embodiment of the present invention; and 

Figures 14A to_14F are timing charts to which refer5nce1.wUI.be made in explaining the operation of a 
digital VTR embodying the present invention. • .rc-jf-u » - 

Ref rring to the drawings in d taH, and initially to Figure .^ItjyvlU be seen that, in a selective M scramble- 5 
circuit according to an embpdiment of this invention thf# mr^y fe^iyc^tageogsly employed in the digital VTR- 
of Figure 1, an iri>utaalasignal is supplied through aair^uj, ] ^mf^ftQbiie input of mod. 2-adders 62a, 62b, 
62c and 62d. Each of the mod. 2-adders 62a to 62dtx&J% ^^nstoyted by an'exclusive-OR gate as shown. A 
reset signal associated with a predetermined synctei^j&g!^ signal Is supplied through a 

reset terminal 63 to an M series generator 64. The M series^enegitor 64 is provided With four output terminals, 10 
from which there are derived four M series.signals oWjfferent Rhajses: The four kinds of M series signals are. 
supplied to respective ones of the adders 62a; to:62d in - ;-..:*•.,.-.* 

The* output signals from the adders 62a to 62d iJ that.lst^ ; iriput data signal scrambled by the respective M 
series signals, are supplied to a measuring circuit 65 which measures run lengths and digital sum values (DSV) 
corresponding to the changes of the direot cufrent componoi^^ of the respective signals. The circuit 65 is 15 
reset in response to the reset signal of each .synchro^sjngj^ the output signal from the 

adders 62a to 62d which has the shortest maxirmwiuni^^ signal which has the smallest 

maximum digital sum value in the interval from one synchronising block untiLthe next synchronising block. The 
run length is determined prior to the digital .sum, ^ va|yeV ; v ., ^f 

The signals from the adders 62a to 62d are supplied to respective buffer memories 66a tp66d, each of which 20 
has a recording or storing capacity o: one synchronising; block, and are then output therefrom In a first-in 
first-dut (FIFO) fashion. The outputs signals fromrthe-btMlfer memories 66a to 66d are fed to respective fixed 
contacts 67a to 67d of a switch 67 which is controlled^ a;swjtch ; jcontrol signal. Sc r from the measuring circuit 
65. 

More particularly, the control signal Sc causes the SK/itob 67,to select the output signal from the one of the 25 
buffer memories 66a to 66d, and hence from the respective one of the adders 62a to 62d, which has been 
determined by the measuring circuit 65 to provide the M scramble signals from the shortest maximum run 
length and/or the smallest maximum digital sum.value. The U scramble signal thus selected is supplied to a 
data adding circuit 68, In which it Is added to a data code .identifying or corresponding to the M series signal 
used for providing the selected M scramble sjgnaK - ■ 30 

The signal from the data adding circuit 38 is supplied tp« synchronising code adding circuit 69 and the reset 
signal from the reset terminal 63 is also applied to a synchronising code generating circuit 70 which supplies a 
synchronising code to the adding circuit 69, whereupon the output signal from the latter is fed to an output 

terminal 71. < - . . _^ "* " . 

With' the above-described selective M:scrajmble circuit, good channel coding is effected by selecting the 35 
best one from among a plurality of M scramble signals. Further, by adding data Identifying or corresponding to 
the M series signal used in the coding, it is possible- to considerably, reduce data redundancy. 

The data format of the recording data signal developed at the output terminal 71 is represented in Figure 7, 
where it will be seen that one synchronising block is formed of a synchronising code SYNC, a data code 
identifying or corresponding to the M series signal used in the coding and scrambled input data in this order. 40 
The data code can be expressed by, for example, two bits such.as a = (0,0),b = (0,1),c = (1,0)andd = (1, 
1 ) in the illustrated case where four kinds of M series : signals are provided. The increase in data redundancy is 
very small as a result. x ' ' 

' When the circuit shown in Figure 6 is applied to the digital VTR described above with reference to Figure 1 , 
the output signal of the ECC encoder 4 is supplied to the input: terminal 61, and the. signal from the output 45 
terminal 71 is supplied to the recording amplifier 8, whereby recording can be effected in a similar manner to 
that previously described. ^ • - . V . " . 

Referring now to Figure 8, it will be seen that, in a decoder according to an embodiment of this invention tor 
use in the playback mode of the digital VTR of Figure 1 * a signal applied to an input terminal 82 is supplied to a 
mod. 2-adder 83 again constituted by an exclusive-OR gate. The signal from the input terminal 82 is also 50 
supplied to a synchronising code detecting circuit 84 which detects the synchronising code. The detected 
signal is supplied from the detecting circuit 84 to an M series generator 85 which can be the same as the M 
series generator 64 shown in Figure 6. Four kinds of M series signals that differ in phase from each other are 
supplied from the generator 86 to respective fixed contacts 86a, 86b, 86c and 86d of a switch 86. The signal 
from the input terminal 82 is also supplied to a data,. code Identifying circuit 87 which identifies the 55 
above-mentioned data code corresponding to the kind of M series signal used for the coding. The switch 86 is 
controlled by this identifying code so as to select from the generator 85 the M series signal which is the same 
as that used in the recording mode; ...... 

The M series signal selectively derived from the switch 86 is supplied to the mod. 2-adder 83, and the signal 
from the adder 83 is fed to an output terminal 8§. . In this way, the. data signal can be decoded. When the 60 
decoder describ d above with reference to Figure 8 Is applied to th digital VTR of Figur 1 , the output of the 
data reproducing circuit 14 in Figufe 1. Is. supplied "to the input terminal 82, and the signal from.the output 
terminal 88 is supplied to the ECC decoder 16 in Figure 1. 

In the circuits of Figures 6 and 8 4 the ftf series generators 64 and 85 are not limited to those which provide 
the M series signal with different phases but they may be M series generators of the typfe. providing M series 65 
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signals having different recurrent cycles. 

With the cii cuits of Figure S and 8 incl'jd 5t? in fie digital VTR of Figure 1 , upon playback, it becomes possible 
to reproduce a clock signs! with ease. ^v- „ 

According to the present technique, as set forth above, good channel coding can be elfecied by selecting 
5 the best one from among the plurality of M scramble signals. Further, the increase \u uaia redundancy is 
suppressed considerably by adding to the input or information signal data Identifying the M series signal used 
in the cooing. . - -.'*-.-c T * 

Another embodiment of the present .invention ftp which -the class (V partial response system can be applied 
will now be described with reference, to Figures 3 to 11 in which parts corresponding to those described with 
10 reference to Figure 5 are identified by the same reference numerals and will not be again described in detail, in 
this embodiment, the technique embodying.the present Jnyention Is particularly applied to the channel coding 
circuit of the digital VTR. i< } _ ... ^ . . : - 

It win be seen in Rgure 9 -ttatanlnpyt.teHn^ a digitaTinput signal x(t), in which t is time, and 

this digital input signal? x(t) ha$ ^ been , processed ^^^an.ecw correction code,, for example, a cyclic 
15 redundancy check code.(CRCC) andjafparityt co^de- - - - - ■■■ 

A selective^scramble, circuit *93 embodying the, present ^..iriventioo "receives* the digital input signal x(t) and 
includes a^pseudo-random signal addingxirpuit arwtipiurality of PR (1, Q, .-1) encoders or precoders used in 
the channel coding. By this selective scramble ^circuit 93, the digits input signal x(t) is converted to a recording 
signal y(t) having a reduced high frequencyj^c^mponent and a,. rjsduced direct current component. The 
20 recording signal y(t) Is processed by a PR (1 ^i^smission line 47 formed by the recording i head; 46A with 
its associated rotary transformer, the^magnetic. tape 46B .and the reprojduci.ng head 46C With its associated 
rotary transformer to provide a reproduced signal The^^b^ PR (1. 1) decoder 48, 

and ihe output signal from the PR (1, Ifcdecqck^ the. discriminator 48A so that [-1] is 

converted to [+1]. The identifying signal' Udjtj^ supplied to the 

25 synchronising pulse detecting circuit 50 which i sepahktes^the synchirbnisihg pulse SYP from i the identifying 
signal Ud(t). A selective descramble circuit 94 is connectedlp r the.sy^chronlslng pulse detecting circuit 50 and 
receives therefrom the synchronising pulse SYP and^tbeJdentifyfng ^i The selective descramble 

circuit 94 is made to correspond to the selective scramble circuit 93 so as id remove the pseudo-random 
signal from the identifying signal Ud(t), and to supply Ihe resulting output signal xd(t) to the output terminal 52. 
30 The selective scramble circuit 93 will now be described more fully with reference to Figures 10A and 10B, in 
which a block synchronising pulse BLSY of cycle H is supplied to an input terminal 115 from the external 
circuit. M series generating circuits 116A, 116B, 116C and 116D are provided to generate respective M series 
signals M1 , M2, M3 and M4 which are different from one another so as to constitute pseudo-random signals. 
These M series signals M1 to M4 are supplied to mod. 2-adders 117A to 117D. arranged to perform the 
35 mod. 2-addition thereto of the input data signal x(t>, and which may each be constituted by, for example, an 
exclusive-OR gate. Three-input multiplexers 118A to 118D receive the outputs of the mod.2-adders 117a to 
117d. respectively, and identifying codes from identifying codegenerating circuits 119A to 119D, respectively, 
which correspond to the M1 to M4 series signals. The identifying codes generated by the identifying code 
generating circuits 119A, 119B, 119C .and VI9D are referred to as code 1, code 2, code 3 and code 4, 
40 respectively. Further, a synchronising pulse generating circuit 120 is provided to generate the synchronising 
pulse SYP which Is also supplied to. each of the muttiplexers 118A to 118D. ' 

The block synchronising pulse BUSY is supplied, to the M series generating circuits 1 i 6A to 1 1 6D so that the 
latter are initialised at every cycle H. then, signals r1(t) to r4(t) ptthe Ml to ,M4 series, respectively, generated 
by the M series generating circuits 11 6A to 116D are added in mod. 2 to the input signal x(t) by means of the 
45 mod. 2-adders 117A to 1 17D. The output signals of the.mod:.2-adder$ 1 17A to 1 17D, the identifying codes from 
the identifying code generating circuits .419A to 119D andjhe, synchronising pulse SYP generated by the 
synchronising pulse generating circuit 120 are supplied to the multiplexers 118A to 118D, respectively, in 
which they are combined in a time-divisionrmanner to generate signals u1(t) to u4(t), respectively. 
Each of the time series of multiplexed signals ui(t) to u4(tj is a cyclic signal of cycle H, and the signal format 
50 of one synchronising block of cycle H is represented in Figure 12. Such synchronising block is shown to 
comprise synchronising pulses SYNCO and SYNC1 each of one byte, data identifying codes (program number, 
etc) ID0 and ID1 each of one byte and an M series identifying code MS1D1 of one byte. The identifying code 
MSJD1 is followed by audio or video data DATA of k bytes, an error correction code, for example, a parity code, 
of m bytes, and an M series identifying code MSID2 of the same data format as the identifying code MS1D1 . The 
55 area S1 of the block formed of the data identifying codes 1D0 and ID1 and the area S2 formed of the data and 
the error correction code are scrambled by the Miseries signals. 

The M series identifying codes which were referred to above as the codes 1 . 2, 3 and 4, and which selectively 
constitute the M series identifying codes MSID1 and MSID2, are represented as [OOCQOCOO], [01010101], 
[10101010] and [11111111], respectively, as shown in Figure 13. 
60 With such an arrangement, data of two bits ([00]. t01], [10] or [11]) is shown to be repeatedly written four 
times for each of the codes 1, 2. 3 and 4, respectively, so that even when an error occurs in the transmission 
system, the identifying code of the M series being used can be positively read. Further, in the embodiment 
being here described, the M series Identifying code MS1D2 5s of the same format as the code MSID1 and is 
located distant from each M series identifying code MSID1 by (k + m) bytes. Thus, regardless of the 
65 occurrence of burst error, the identifying code can be accurai iy read on the basis of eith r one of the M sen s 
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identifying codes MSID1 and MSID2. 

Referrinq back to Figures 10A and 10B. it win be seen that the output signals ul(t to u4(t) from the 
multiplexers 1?8A to 1 18D are respectively supplied to partial response <PR) class IV (1. 0M) encoders 121 A 
To 21D* Sng as prVcbders. and bTwhieh the signals U 1(Qfe u*<tFare respectively converted to signals > yl (t) 
to y4(t). The PR (1, 0. -1) encoders 121 A to 121D are all similarly constructed arid.*y way of example, the PR 
(1 0 -1) encoder J21A will be described in detail. '* ' -f^ ';; " ! "" '■' - "" ! "' • 4 . 

The PR (1. oT-1) encoder 121A is shown to comprise' exclusive^OR gate 422 that-cames out : the 
mod.2-addition, a two-input switch circuit 123 and two 6ne*ii llelay circuits' 124; and 125. TKe ^ y1(t) Is 
supplied from the output of the exclusive-OR gate 122 to a first input terminal of the switch circuit 123. and the 
switch circuit 123 responds to the level of a controlsignal 3\mm a control circuit 129 to selectively, supply rone 
of Its two input signals through the one^jit delay \circutts i In^cession- to an Input of the 

^four-SSc^circuit 126 is shown to receive the' signals' y1(t) to=y4(t) at its four input termirtals 
respectively. The switch circuit 126 responds to a code of a control signal J5 from the control circuit 129 to 
se?e P cf one of^he Ignals y1<t) to y4(t) arid to Supply ^selected signal 7 sO(tHc .the other or seconding 
teVminal of the switch clrduit 123 in each of the PR tL 0 ; ;1>^eoders 121A £ 121D. The signal s y (t> to y4(t) 




^ input 

responds to a code of a control signal J6,also derived 
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recording S'yW is recorded oitthV magnetic tape W*y means of the recording head 46A. 

Se control circuit 129 is shown in Figure !10 as Including a sequence control crcurt 130 which responds to 
theWocS Synchronising pulse BLSYfrom the terminal 115 to generate the control signals J 1 to J4 supplied to 

cS the ope^tion of/ad^io^^ir^ye^a circuits included in the^contrc crcurt 129 Aeon rol 
. Sgnajj? * also generated by Jh^se^ and is used to amultaneousry swrtch the 

•^e'S 

. 131D. A digital - sum value (QSV) of d^ital.daWseriee.^froirt. for example, a time t1 to a time t2. Is defined by 
the following, equation: . r ; , V ;" '. . . ; , 

DSV = X ai(t) . - . ■ . 7 • . ' . . . . . . 

• where vi(t) = 1 results in ai(t) - 1.andyi(t) - 6 results in al(t) - 0. and further assuming ttet the digttal d^ata 
seriel 5(5 is generated bit by bit in synchronism with a clock pulse CK whose unit time Is T (F.gur e .14A) 
S ^theb elem embodiment, when the digital sum value is converged to zero, a direct current component of 
meZ^^^SSwleoomes zero. L signals yi(t) to y4(t); are supplied to the DSV measuring circuits 
131A to 131C ^^ respectively, which measure the digital sumvalues DSV1 to DSV4.. respect.vely. dunng , 
predetermined period corresponding t6 a block K (Figure 14C). The resultant digital sum values g^t 0 DSV4 
Sre stippTed to a determining circuit 132 withih the control circuit 129. The determ. ^^^SSSSS 
which of the digital sum values DSY1 to DSV4 generated by the measunng c.rcu.te 131A to 131D. f "^** e *. 
fe ctosest to zero and supplies a corresponding series number sO identifying the respective^ one of*e M 
SsSS) foaswitch control circuit 33.1fthed.gjta. sum ^^^ft W ^ Z 
measured for one synchronising block K in which time t ranges from TK (= 0).to TK+ 1 (- TK + H ),\ m to 
neTtirn^ Tt ™o™ TK+ 1 to TK+ 2 the one of the signals y 1 (t). to y4(t) of the block K whose dig.tal sunn , value « 
0^?^ zero ^selected by the switch circuit 128 under the control of the switch control circuit 133 to 

^foper^^ embodiment of the invention illustrated in Figures 10A and 10B will now be described 
W tefu£^ 

Identifying cod! and the synchronising pulse SYP are removed therefrom, by the following equation. 
rTou^Vgn^^^ 55 

y 1f t \tVL^med + that^ SUe Horn time t ^ b. that yf^^^flS^ ' 

Inrtialise the PR (1 .0.-1) encoders 121 A to 121D, and that the time t is updated at every cycleT = unj t .me 1 

of the clock pulse CK (Figure 14A) and/is expressed as t - 2m or t - 2m + 1. equations (2) and i 3) yield. ^ 
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m m 
= X x(2i) Z rs(2i) (mod. 2) 
5 i=0 i=0' 



70 



ys(t-2in+1 ) = 



m 

S x (21+1 
i=0 



m 



-J';2i->1} (mod. 2) 



(5) 



The DSV measuring circuits 131 A to 131 D ttt&jwv digital sum values during the measuring period K from 
time t = TK + ato t» TK+1 - 1. In such c ^iisa, the foilowinn equation (6) is established. 

15 . amin £ a ^ ctmax-2 (6* \ 

in which amin is deternined by the tirns rccK'rod ti compare the digital sum values and to determine the 
minimum value, and amax corresponds tc the* 1 i; li Df the synchronising pulses SYNCO and SYNC1 . The 
portions of the synchronising b!ock cmstit'jV 'i Tj* \t\z. synchronising pulses SYNCO and SYNC1 are not 
scrambled so that the digital sum value in u*»e pence) of TK ^ t < TK + a is not measured. The digital sum 

20 value, which is not measured, is too small to reJuce the affects that the present technique achieves. 

The DSV measuring circuits 131 A to 131 D measure the digital sum values DSVVto DSV4 of the respective 
series at time t = TK+ 1 . The determining ciriiuit in the control circuit 1 29 compares the digital sum values 
DSV1 to DSV4 during the time period of three <=lock pulses, and supplies to the switch control circuit 133 the 
series number sO (1 to 4) of the series signals yHt) to y4(t) corresponding to the digital sum value which is 

25 closest to zero. The switch control circuit 1 33 responds to the series number sO to provide the signal J5 which 
controls the operation of the switch 126 as shown in Figure 14D and to provide the signal J6 which controls the 
operation of the switch 128 as shown in Figure 14E. The switch circuit 128 selectively passes the signal ys 
(t - H) (s o sO) of the selected series number sO only during the period of TK+ 1 + amin + 3 ^ t < TK4-2 + 
amin + 3. Hence, the following equation is established: 

30 y(t)=ys(t-H) (7) 

and the signal supplied to the recording head 46A as the recording signal y(t) is ys (TK 4- amin + 3) to ys 
(TK + 1 + amin + 2). 

This means that the switch circuit 128 selectively provides, during the measuring, period K f the signal of the 
series selected during the preceding measuring period K - 1 at a timing delay by 1H, or by the transmission 

35 time of one synchronising block. 

The switch circuit 126 is used to cause the PR (1, 0- f -1) encoders 121 A to 121 D to feed-back their output 
signals y1(t) to y4(t). The switch circuit 126 supplies the output signal ysO(t), selected as the recording signal 
during the period of TK + amin + 3<t<TK+1 4- amin + 3. to the respective second input terminals of the 
switch circuits 123 of the PR (1, 0, A) encoders to 12»D during the period of two clock pulses, that is, 

40 during the tins period TK+1 + amir* 1 < t < TK+ 1 + a + 3 in which the PR (1,0, -1) encoders 121 A to 
121D are initialised. In the time period In which the PR (1, 0, -1) encoders 121A to 121D are Initialised, each 
switch circuit 123 selectively supplies to the delay circuit 124 the signal ys0(t) supplied to the switch circuii 1 23 
from the switch circuit 126 : whereby the swftsh clrci it 12S and the switch circuits 123 in the plurality of PR (1,0, 
-1) encoders 121 A to 121 D are operated In association with one another. More specifically, within the precoder 

45 initialisation period, TK+ 1 + amin + 1 ^ t < TK+ 1 .,+? amin ..+ 3, the output signal ys0(t), which is selected 
as the recording signal during the period of TK+1 +„amin + ~1 ^ t < TK+1 + amin + 3, is fed back to the 
input terminals of the PR (1 , 0, -1 ) encoders 121 A to 121 D instead of the output signals y1 (t). to y4(t) . 

Generally, the delay circuits 124 and 125 in the £R (1, 0, ri) encoders 121 A to 121 D delay the output signals 
by two bits and feed the delayed output signals back to the input terminals thereof. Accordingly, in the 

50 absence of the described operation of the switch circuit 126, the output signal y2(t), instead of the recording 
signal y1(t) in the preceding period, would be fed back to the input terminal of the PR (1, 0, -1) encoder 121B 
when the recording signal, for example, is switched from the output signal y1(t) of the PR (i, 0 -1) encoder 
1 21 A to the output signal y2(t) of the PR {1 , 0, -1 ) encoder 121 B, with the result that the succeeding recording 
signal is made different from the original one. However, the svyitch circuit 126 is provided to enable the PR (1,0, 

55 -1) encoders to be initialised during a predetermined period of time so that even when the recording signal is 
switched, accurate signals are invariatly fed back to the *nput,terminals cf the PR (1,0, -1) encoders 121A to 

By res son of the switch circuit 126 and the plurality of ©witch circuits 123, th outpiit signals ys(t) of the PR 
(1, 0, -1) encoders 121A to 121D can be precisely e^nress dao: , 
60 ys(t) « ys(t-2) + us(t) (mod. 2) -(8) 

. where t ^ TK •:- amin + 3 and t ^ TK + amin +,-4,. and, can also be expressed as 
ys(t) = ys0(t-2) + us(t) (mod. 2) (9) 

wheret « TK + ov-jn h 3andt « TK + amin -!- 4, and y c -*?'t). represents the signal selected as th recording 
signal in the time period f t < TK + amin + 3. !f it is assumed In equations (8) and (9) that ys (-2) = ys 
65 (-1) - 0, th n quations (4) and (5) yi Id 
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rc m 

ys(t=2m) = ST x(2i) + £ sx(2i) (mod. 2); s = 1 - H ...(10) 
i=0 i=0 



m m - - 

ys(t=2m+1) = £ x (2i+1) + X rsx(2i+1) (mod. 2) ...(11) 
i=0 i=0 



\% -x (2i-H) + -X.-lilsO *Cgf4H^iftodr;2); " " v 



In equation (11), rsx(2i + 1 ) represents, if the present tfcro t Ijgs ina range of TK + amin ^ t < TK + 1 +. amin. 
a pseudo-random signal rsO(t) (sO » 1 to 4) of the series ^elected during the period of (2i+ 1) ^ TK + amin. 
In the time period of TK + amin < (2i + 1), rsx(2i + 1) represents pseudo-random signals n(t) to r4(t) 
corresponding to the PR (1, 0, -1) encoders 121 A to 121D, which fact is expressed by the following equations: 
rsx(t)*- rsO(t) ; t :5 TK + amin : " (12)-" * J » ' it - • • ■ - ..: • • - ^ < 15 

rsx(t) = rs(t) : t > TK + *rhin (13) * * * 1 ^ > -- ■ ; 

The PR (1. 0, -1) encoders 121A to 121D generate the output signals- that j had once contained the < 
pseudo-random signals selected at every syhchYenisIng fcto'GttThe signal y(t), selectively produced from the 
switch circuit 128 at the time t. is a signal that is delayed fy^ft* (one horizontal period) after beihgscrambled by 
the selected pseudo-random pattern.* Yhe sigito'y(t)"JsM§^iw6ed by the" following equations 

y(t) = ysO (t-H) ' : !.-'*■ ' % /^:^ D ^^^:' J ' - r 



50 



25 



30 



55 



y(t) = ysO (t-H) ' ^ * ■ 

= Z x (2i-H+1) + Z rsO.(2i-H+\) (mod. 2); / . ' 

i=o t ; . . i=o : \ " ■.. . *.'-.- 

t = 2m + 1 , . . . . . . (15) " 

The arrangement of the reproducing side of the digital VTR of Figure 9, and particularly of the descrambie 40 
circuit 94 included therein, will now be described with inference to Figure 11 in which parts corresponding to 
those described with reference to Figure 9 are identified by the same reference numerals and are not again 
' -described Jn detail. * ' '* J " . * V . * * ' 

In Figure 11, It will be seen that the PR (1,-1) decoder 48 comprises a one-bit delay circuit 134 and an 
exclusive -OR gate 135 forming a mod. 2-adder. The PR (1, 1) decoder 48, in association with the recording 45 
head 46A, the magnetic tape 46B and the playback head46C, constitutes the PR (1,0; -1) transmission line 49 
which is equivalent to the illustrated circuit comprising two one-bit delay circuits f36 and 137 and an exclusive 
-OR gate 138. namely, a mod.2-adder. The PR (1 , o; -1) transmission line effects a conversion opposite to the 
conversion of the channel coding performed by the PR (1 , 0.-1) encoders 121 A to 121D in the example shown 
in Figure 10, thereby generating the identifying signal Ud(t). The identifying signal Ud(t) corresponds to the 
signals U1(t) to U4(t) shown in Figure 10. 
- The synchronising-signal-recorded-portions SYNCO, SYNC1 and the M series identifying code-recorded- 
pdrtions MSID1 , MSID2 in the identifying signal Ud(t) are not scrambled by the use of a pseudo-random signal, 
as shown in Figure 12. Hence, the" identifying signal Ud(t) Is supplied to the synchronising pulse detecting 
circuit 50. in which the synchronising pulse SYP of a predetermined pattern can be reliably separated from the 55 
identifying signal Ud(t). The selective descrambie circuit 94 receives the synchronising pulse SYP and the 
identifying signal Ud(t) derived from the synchronising pulse detecting circuit 50. ' ' 

In the selective descramblecircuit 94. the identifying signal Ud(t) is supplied to a 1H delay circuit 139 and to 
first and second registers 140 and 141. The M series Identifying code MS1D1 shown in Figure 12 is supplied to 
the first r gist r 140, whereas' the M series Identifying code MS1D2 Is supplied to the second register 141. 60 
These M series identifying codes MSID1 and~MSlD2 fed to the first and second registers 140 and 141 are fed 
therefrom to an error correction circuit 142. The error correction circuit 142 judges every byte of the identifying 
codes MSID1 and MSID2 in amajority-loglc-fashion and supplies at least one byt of the Judged result to a 
third register 143 as a correct identifying code. ([00] to [11]). 

A control circuit 144 is initialised 'by We '3yrfcrTrbnising pulse SYP from the detecting circuit„50 and then 65 
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drives the first, second aid thi*d registers "S4G, "^1 and 143 in a predetermined rimed relationship. 

M series generating circuits 145A to 145D:ara arranged in the same way as the M series generating circuits 
1 16A to 1 16D of Figure 10. The M series generating circuits 145A to 145D ar initialised by the synchronising 
pulse SYP to generate pseudo-random signals.-of Ml to M4 series, which are fed to.respeotive Jnput terminals 
5 of a four-input switch circuit 146. The swrtcr, zxvjfo 146 responds to an identifying code from the third register 
143 to selectively produce one of the pseudo-random signals of the M1 to M4 series. This selected 
pseudo-random signal rsOd(t-H) is suppried^A^.^input terminal of a mod. 2-adding circuit 147 (formed by, for 
example, an exciusive-QR gate). The output !*ignr« Ud{t-H) from the 1H delay circuit 139 Is supplied to the 
other input terminal of the adding circuit 147, and the output signal xd(t) from the adding circuit 147 is fed to 
10 the output terminal 52. - - / r i :. . >: . : j 

The embodiment shown !n .Figure 11 operates ps follows. ; . :• 

The third register 143 stores the hi series identifying code of. the block K- corresponding to the time period 
TK ^ t < TK+1 of Ihsidenvff/ing signal < t < TK+ 2, and supplies the 

thus stored M series identifying code^to*tite--sv^tch circuit -146.^The switch : circuit. 146 supplies the signal 
15 rsOd(t-H) corresponding to the M series identifying code to the adding circuit :147 during the time period of 
TK+1 ^ t < TK-r2. in the signals Ud(t); rsOdft-H^arid xd{t), the- legend [d] indicates in each case the 
possibility that the respective variable^wiil contain wr error., r x , ?■>, - s , v 

In order to examine the influence exerted ty the occurrence of error.in the RR (1 , 0, -1 ) transmission line 49, 
let is be assumed that the input signal yd(t) eppHed to the recording head 46A, that is, the input to the PR (1 , 0, 
20 -1 ) transmission line 49, corresponds to that obtained when an error signal e(t) is added to the recording signal 
y(t) shown in Figure 10. In other words, r -f . 

yd(t) = y(t) + e(t) (16) 

and. if t = 2m, from equation (10), the identifying signal Ud(t) which is the output signal from the PR (1 ,0,-1) 
transmission line 49 is expressed by the following equation: 

25 

Ud(t=2m) = Ud(2m).- yd(2m-2) (-mod.- 2) -p.- 

= (y(2ro) > e(2m)). v -- ; .^ . , ; I 

30 '■■ = X (x(2i) + rsO '('21))' ^ e(2m) " ' 

= - X <x(2i) J '+ rsQ : :(:2i));+ e(2m-2) L 

35 _ i=o ' ■" ; ■ 

= x(2m) rs0(2m) + e(2rn) +; 2{2ih-2) - .-.(17) 

From a mathematical standpoint, the feature that tho - addition of mod. 2 is equivalent to subtraction is utilised 
40 to derive the equation (17). Similarly, from equation (1 IJ.-.if.* 2m + 1 , the identifying signal Ud(t) is expressed 
by the following equation: 

Ud(t-2m + 1) «x(2m + 1) + rs0(2m + 1)b+ e(2m + 1) -V 3(2m+3) (mod. 2) (18) 
Combining equations (17) and (18) yields :;:-. Z .. v ; 

Ud(t) = x(t) + rs0(t) + e(t) + e(t-2) (19) r . 

45 Further, the output signal xd(t) of the adding circuit 147 can be calculated by the following equation: 
xd(t) = Ud(t-K) + rsO(t-H) (mod. 2) = x(t-H)^+; rsO(t-H) + e(t-H) +; (t-H-2) + rsOd(t-H) (20) 
Since the equality, rsOd(t-H) = rsO(t-H) is established when the correct M series signal is selected by the 
switch circuit 146, equation (20) can be modified to read: • . r. 

xd{t) « x(t-H) + e(t-H) + e(t-H-2) (21) . - - > ----- 

SO Thus, the output signal xd(t) from the adding circuit 147 becomes equal to the output signal from the PR (1 , 0, 
-1) transmission line. The fact that the addition of a number to the same number results in zerojn the addition 
of mod. 2 is utilised to derive the equation (21) from equation (20). If e(t-H) => e(t-H-2) «= 0 is established in 
equation (21), this yields: ' i. y ; . . - . 

xd(t)«x(t-H) (22) - : - 

55 Thus it is to be understood that the input to the circuit shown in Figure 1 0, that is, the signal x(t) , delayed by 1 H, 
is equal to the signal xd(t) which is the output from the circuit shown in Figure 11. When the selective 
descramble circuit 94 is used as described above, the pseudo-random signal of the same series as the 
scrambled M series signal is add d in mod. 2 to the identifying signal Ud(t) so that the scrambled M s ries 
signal is r moved from the identifying signal Ud(t) thus making it possible to correctly decode the input signal 

60 x(t). .- •:{'■■■■.--..<-' .■'.^■•-;,rb^ • . : v.v--- \ ' 

Although in the above-described embodiment shown: %n Figure 10 the control circuit 129 in the selective 
scramble circuit 93 measures the digital sum values of the respective output signals yl(t) toy4(t) of the PR (1, 
0, -1) encoders 121 A to 121D, the control circuit 129 may measure, instead of the digital sum.values, the 
maximum run lengths RUN1 to RUN4, that is, the maximum continuous number of high level [1] bits or low 

65 level [0] bits, in th respective output signals y1(t) to y4(t) within predetermined time periods, and then 
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generate, as the recording signal, the output signal ys(t) which has the shortest of these maximum run lengths 
RUN1 to RUN4. 

While the PR (1. 0, -1) encoders 121A to 121D are .utilised as* the, precoders in the above-described 
embodiment, a similar technique can be applied t achannel cddirfg-circuit which, for. example, utilises PR (1, 
-1) encoders -as the precoders. [n ly^ji&r-.-vt ^-1*:- :- / : j *ff .Of v*" 

FurthermoreVtheadditiQn of the M series identifying dc^ and of .the.syriciironislng pulse may be effected, 
for example, betweeh the switch circuit 128 and. the recording head46A; rather than at the.multipiexers 1 19A 
to 119D between the mod. 2-adders 117A to 117Dand;thft:PR >(d , A M}> encoders. 12=1 A to 121 D. In that case, 
although the M series identifying code and the syndirOTfasino>p)jls3*;are:notrprocessed by the channel coding 
process, no problem is presented if a pattern is sptectedrhaving. reduced high. frequency and direct current 
components. . : ^- :*"> ry.lt ;->cu A'Nf • - ^.iK-Uc : ;;c^: " ■ ::.-;v-r^ 

Since, in accordance with the present technique, the precoders are used to reduce both the' maximum 
frequency of the recording signal and the direct current component, and the pseudo-random signal; which 
scrambles the input signal, is selected so as to provide; the: best direct current component . of the recording 
signal which is output from the precoders and to.pnovideitri© best run length, regardless of the change of the 
pattern of the input signal; it is possibie to .'substantially-. suppress and faereby minimise the direct current 
component of the recording signal. ^ >- o* *£cv.; £niv*...rebi t-h ^: v*:* . -* c tI. i ; ; * r -?o 

Further, when the signal constituting the recording signal Is switched from the output of a first PR. (1,0. -1) 
encoder to the output of a second PR (1 , 0. -1 ) encode/, the output signal of the first PR (1 1 0; -1 ) encoder, that 
is the present recording signal; can be fed back to. the Inp^V terminal of the second PR (1, 0,-1) encoder by 
means of the switch circuit 126 so that the recordingvsignai can be positively fed back to the input terminals of 
the respective PR (1, 0, -1) encoders.. Hence, mixing Deconversion errorinto the generated recording signal 
can be prevented. 

Claims ' •■ l/.v,,;.-, 

1 . Apparatus for processing an input data signat the-apparatus comprising : 
generator means (64) for generating a plurality of pseudo-random signals; 

scramble means (62a to 62d) for scrambling the input data signal "by each of said plurality of 
pseudo-random signals and thereby providing a plurality of respective outputs ; 

detector means (65) for detecting variation of a DC component for each of said outputs of said scramble 
means; 

selector means (67) for selecting one of said outputs of said scramble means (62a to 62d) under the 
control of said detector means (65) ; 

means (68) for adding to said one output selected by said selector means (67) an identifying signal which 
identifies the pseudo-random signal used in scrambling said one selected output of the scramble means 
(62ato62d);and : 

means (46A, 46B) for transmitting a signal comprising said one output selected by said selector means 
(67) together with said identifying signal. 

2. Apparatus according to claim 1 , wherein said transmitting means includes means (46A) for recording 
said one output selected by said selector means; (67) with said information signal on a magnetic tape 
(46B). f : . 

3. Apparatus according to claim 1 or claim 2- wherein said detector means includes means for detecting 
run-lengths of said outputs of said scramble means (62a to 62d). ~ „. . v 

4. Apparatus according to claim 1 or claim 2, wherein said detector means includes means. (131 A to 
131D) for detecting digital sum values of said outputs of the scramble means (117A to 117D), and said 
selector means (132) is operative to select the one of said outputs of the scramble means (117A to 117D) 
having a digital sum value closest to zero. . . / . 

5. Apparatus according to any one of the preceding claims, comprising : 

receiver means (46C) for receiving a signal transmitted by said transmitting means (46A, 46B) ; 
detector means (50) for detecting said identifying signal In the received transmitted signal ; and 
descramble means (147) for descrambiing the received signal in accordance with a pseudo-random 
signal corresponding to the detected identifying signal. 

6. Apparatus according any one of the preceding claims, comprising precoder means (121 A to 121 D) 
for encoding each of said outputs of said scramble means (117A to 117D) to have a predetermined 
frequency characteristic. . v ,» ; • . ; ; 

7. Apparatus according to claim 6, wherein said precoder means comprises a partial response encoder 
means (121 A to 121 D)... i . 

8. Apparatus according to claim 6, wherein.said precoder means Includes a plurality of partial response 
encoders (121A t 121D) each comprising feedback circuit means (123 to 125) having a delay (124, 125) 
for encoding a respective output of said scramble means (117A to 117D) In accordance with a partial 
response method, and switching means (123. .126) for providing, as a feedback to one of said partial 
response encoders (121A to 121D)/anoutput;signaJ of another of said partial response encoders. 

♦ *.':■.-• : f !vrv» ? >'£ ~. %• v, ...t -f ■ * .'.:.* -. " *:* ' 
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© Data signal processing apparatus. 

© Apparatus for processing an input data signal 
includes a generator (64) providing a plurality of 
pseudo-random signals each of which scrambles the 
input data signal in one of a plurality of mod. 2- 
adders (62a to 62d) to provide a plurality of respec- 
tive scrambled outputs, a detector (65) in which a 
DC component such as a run-length or a digital sum 
value, is detected for each of the scrambled outputs, 
and a selector (67) responsive to the detector (65) 
for selecting the one of the scrambled outputs, for 



example having a minimum run-length or a digital 
sum value closest to zero. An identifying signal 
identifying the pseudo-random signal used in scram- 
bling the selected scrambled output is then transmit- 
ted with the latter, for example, by recording on a 
magnetic tape. When the transmitted signal is re- 
ceived or reproduced, the identifying signal included 
therein is detected, and the received signal is de- 
scrambled with a pseudo-random signal correspond- 
ing to the detected identifying signal. 
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